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The BIG Picture

GLAST will do fundamental science, with a very broad
menu that includes.

o Systemswith supermassive black holes
o Gamma-ray bursts (GRBS)

o Dark Matter

o Solar physics

e Probing the era of galaxy formation

GLAST drawstheinterest of both thethe High Energy
Particle Physics and High Energy Astrophysics
communities.
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Why ¢ s?

Gamma rays carry a wealth of information:

— graysdo not interact much at their source: they offer
adirect view into Nature s largest accelerators.

— gmilarly, the Universe is mainly transparent to g
rays. can probe cosmological volumes. Any opacity
IS energy-dependent (light interacts with light!).

— conversdly, graysreadily interact in detectors, with a
clear signature.

— graysare neutral: no complications due to magnetic
flelds. Point directly back to sources, etc.
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Why this energy range? (o mev - > 300 Gev)

The Flux of Diffuse Extra-Galactic Photons
The Grand Unified Photon Spectrum (GUPS) c.a. 1990, Ressell and Turner

-

-1 =1
= -F.rg =

I-e:lg'[ Flux  erg em

Note:

1 MeV=10% eV
1 GeV=10° eV
1 TeV=10%eV
1eV=1.6x10"19]

logih fom)

loglE/ eV}
-8 -6 -4 -2 0 rod 4 & a8 10 12 14 18 18 20
| TRRATL IR I TR AT RN UL R TR
il ﬂ”ﬁ I lii
e I GRAND UNIFIED PHOTON SPECTRUM  —
]| o EGRET I
e (1991)
= '*!. I ——p» Ground-based -1
il \\b GLAST |
- ’a [:_h -'.'-ﬁw i
mi -"‘1*@ A g i
I b o, -
m e i
L1 a2 % 2l
m MilEst ! ]
m ¥ i
-
mi % i
[ a0 _
m] [t
A AR A VA L I0Y PR Vg I | AR AT ORCA A VAR AN DRI ARG % 7
& d 2 0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20 -22 -24

GLAST




Atmosphere: Q
/

~30 km

~103% g cm?

For B, <~ O(100) GeV, must g o

B L 0.08
detect above atmosphere s e €
(balloons, satellites, rockets) £ o
For E, >~ O(100) GeV, ! e " s
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engths. (Review of Particle Properties, Aprl edition).

penetratesto the ground
(Cerenkov)
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Unified gamma-ray experiment spectrum
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Complementary capabilities

ground-based space-based

angular resolution  good good

duty cycle low excellent

area HUGE! small

field of view small excellent
(~20% of sky)

energy resolution moderate good, w/ small
systematic
uncertainties

GLAST isakey element in the program
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The success of EGRET : probing new territory

History:
SAS-2, COSB (1970's1980' s) exploration phase: established galactic diffuse flux

EGRET (1990’ s) established field:
% increased number of 1D’ d sources by large factor:

. broadband measurements covering energy range ~20 MeV - ~20 GeV;
% discovered many yet-unidentified sources;

%: discovered surprisingly large number of Active Galactic Nuclel (AGN);
. di scovered multi-GeV emissions from gamma-ray bursts (GRBS);

*: discovered GeV emissions from the sun

GLAST will explorethe unexplored energy range above EGRET’sreach,
filling in the present gap in the photon spectrum, and will cover the very broad
energy range~20MeV - 300 GeV (® 1TeV) with superior acceptance and
resolution. Historically, opening new energy regimes hasled to the discovery
of totally unexpected new phenomena.
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Isit really isotropic (e.g., produced at an early epoch in intergalactic space) or an
integrated flux from alarge number of yet unresolved sources? GLAST has higher
sengitivity to weak sources, with better angular resolution.

Wirgo Fegrom (E > 1 GeV)
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Active Galactic Nucla (AGN)

Active galaxies produce vast amounts of energy from a very compact central volume.

Prevailing idea: powered by accretion onto super-massive black holes (10° - 101
solar masses). Different phenomenology primarily due to the orientation with respect

to US' Inferred Structure of a Quasar

HST Image of M87 (1994) dot

Radiation

Accretion Disk k

Line Emitting Cloud

Massive
Black Hole

Modelsinclude energetic (multi-TeV), highly-collimated, relativistic particle
jets. High energy grays emitted within a few degrees of jet axis.
Mechanisms are speculative; g-rays offer a direct probe.
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EGRET and 3C279

Prior to EGRET, the only known extra-galactic point source was
3C273; however, when EGRET launched, 3C279 was flaring and
was the brightest object in the gamma-ray sky!

EGRET discovery image of gamma-ray blazar 3C279 (z=0.54)

E>100 MeV (June 1991)
EGRET: 3(C279/3C273

ke Tt ton

S. Ritz

Flux [10 6 ph/(cmzs)]

VARIABIL

TY: EGRET

has seen only thetip of the

|ceberg.

F 3C279 Flux
= (> 100 MeV)

+

L] I T I 1 I T

| 1 1 L ] 1 I

Day

166 168 TFO 172 174 176 178 180

of 1991

GLAST




AGN shine brightly in GLAST energy range

Power output of AGN isremarkable. Multi-GeVV component can be dominant!

radio optical X-Ray Gamma Ray
Estimated luminosity ¢ e
of 3C 279: _ . T,
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Multiwavelength Spectrum of 3C 279

Sum all the power over the whole electromagnetic spectrum from all the stars of a

typical galaxy: an AGN emits this amount of power in JUST y rays from avery
small volume!
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AGN: what GLAST will do

EGRET has detected ~ 60 AGNs. Extrapolating, GLAST should expect to see
dramatically more -- at |least several thousand:

* Allows a gatistically accurate calculation of AGN contribution to the high energy
diffuse extra-gal actic background.
» Constrain accel eration and emission models. How do AGN work?
o Large acceptance and field of view allow relatively fast monitoring for variability over time
-- correlate with other detectors at other wavel engths.
 Probe energy roll-offswith distance (light-light attenuation): info on era of galaxy formation.
» Long mission life to see weak sources and transients.

Joining the unique capabilities of GLAST with other detectors
will provide a powerful tool.
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Gamma Ray Bursts (GRB)

GRBsdiscovered in 1960’ s accidentally by the Vela military satellites, searching for
gamma-ray transients (guesswhy!)  The question persists : What are they??

EGRET has detected very high energy emission associated with bursts, including an
18 GeV photon ~75 minutes after the start of a burst:

Phalan enerpes [Wet)

GLAST will provide definitive and unique information about the high energy
behavior of bursts. How many have delayed, high energy activity??
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WIMP Dark Matter Annihilations?

Extensions to the Standard Model of Particle Physics also provide
good candidates for galactic halo dark matter. Thiswould be a
totally new form of matter.

If true, there may well be observable

halo annihilations into mono-
energetic gammarays.

Smulated response to 50 GeV side-entering y's
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Just an example of what might be waiting for usto find!
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STRING
INSTRUMENTS

Srring theory may soon be testabis

he theory of strings, which ar-
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- the cosmos to the harmonics
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over the past two decades as the leading
ﬁ_nnn.-ﬂdrr fior the “theory of every:
thing.” Tt would explain the four furces
of nature—graviey, zin-ctmmmn.emm.
and the weak and strong nuclear foare-
es—as a single force wath different man-
ifestatione Bur how could such a chea-
ry ever be proved? The last tme the four
forces acted as one was at the big bang;
o rescreate those condirions, physicists
would need a particle accelerator larger
than the solar system, which Congress
"“’HI'”- be reluctane e fund, Despatcifg
of the task, some scientists call rtheores
of evervthing an exercise in theology.
“For the ficst thime since the Dark Ages.”
physicises Paul Ginsparg and Sheldon
L. Glashow wrote 12 vears ago, “we
can see how our noble scarch may end.
with faith replacmg science once agin.”
That P'l‘t)l.Jrln'I:lll.l_"Iﬂ MO SEETTIS Proe-
mature, Researchers have devised the
first astronomical probe of theories of
everythin and have also discovered
that the ?r_'pur forees mav unite under
condirions short of the hig hang, “ -
fication, the theary of cverything, might
acrually be accessible experimentally.”
SAYS kima Arkani-Hamed of the Stamn-
forck Linear Accelerator Center.
The probe was concerved by Giovan-
i Amelino-Camelia of the University
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Although the retardation is predicted
to be small, it might show up in gamma-
ray bursts. Whatever their mysterious
origins, these imtense flashes travel bil-
lions of light-years and flicker freneti-
cally. The blinking gives astronomers a
handle on any dispersion: at shorter
wavelengths, a flicker would register a
moment after it appeared at longer
wavelengths, Across a typical range of
gamma rays, the time difference would
be around 10 microseconds—not much,
considering that the radiation has trav-
eled for 10 billion years. But it may be
just enough for current instruments to
detect. And the Gamma-ray Large Area
Space lelescope, scheduled to begin op-

eration in 2004, will certainly have the

requisite resolurion.
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¥ Other topicsinclude....

e Supernovaremnants and the origins of cosmic rays
e Pulsars
o Unidentified gamma-ray sources

 Primordial black holes and other exotic relics from
the Big Bang

o Solar physics

Most important: \What isthereto discover?
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Summary

 GLAST will address many important questions:

What is going on around black holes? How do Nature' s most powerful
acceleratorswork? (are these enginesreally black holes?)

What are the unidentified sources found by EGRET?
What isthe origin of the diffuse background?
What isthe high energy behavior of gamma ray bursts?

What else out there is shining gamma rays? Arethere further surprisesin
the poorly measured energy region?

When did galaxies form?

e Largemenu of “bread and butter” science
o |Largediscovery potential
Next: how science goals trandate into mission science

S. Ritz

reguirements - N. Gehrels (FST co-chair)
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